
DEVELOPMENT OF A LABORATORY TECHNIQUE TO
MEASURE KILN EMISSIONS

Michael R. Milota
Oregon State university

Corvallis, OR

A laboratory technique for measuring kiln emissions was developed and
compared to emissions from commercial charges. A schematic of the kiln is shown in the
Figure 1. The kiln box is approximately 4' by 4' by 4'. It is indirectly heated by steam.
Four dry-bulb thermocouples and two wet-bulb thermocouples are located on the entering-
air side of the load. The dry-bulb thermocouples are spaced in a grid. The two wet-bulb
thermocouples are under a single sock at the center of the entering-air side of the load.
The airflow can be adjusted up to 1100 ft/min.

A single 200 L/min MKS mass flow meter controls and primarily measures the
amount of air entering the kiln. Additional flow devices (MKS 0-50 Umin flow meter and
Dwyer 0-200 SCFH flow meter) can be used when high rates of venting are desired. A
minimum of 10 Umin enters the kiln at all times, more than removed by the analyzer and
methanol formaldehyde sampling train. Putting air into the kiln at a rate of 100 Umin (a
typical vent rate) causes the pressure in the kiln be approximately 130 Pa above ambient
on the high pressure side and 60 Pa on the low pressure side. Thus, any fugitive leakage
should be out of the kiln. The steam spray line is disabled, so no water vapor is added
to the kiln atmosphere.

Temperature in the kiln is controlled by indirect steam heating. When the average
of the four dry-bulb thermocouples is below setpoint, the steam pressure in the coil is
increased. When it's above setpoint, steam flow to the coil is reduced.
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FIGURE 1. Schematic of kiln and sampling system.
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Wood is typically frozen after sampling to preserve its freshness. Wood is
removed from the freezer approximately 24 hours prior to drying and allowed to thaw while
wrapped in plastic. The kiln is made ready and 2" are trimmed from each end of each
board to give 44" samples. The samples are weighed, placed in the kiln, and dried
according to a schedule that matches a commercial schedule. Sampling for hydrocarbon
and methanol-formaldehyde is done as described below. At the end of drying the wood
is weighed, oven dried, and reweighed so initial and final moisture contents could be
determined by ASTM D4442. Then board properties are measured including heartwood
by visually estimating the percent of heartwood at each end of the board, ring count by
measuring the number of rings in a 1" radial distance, and knots by estimating the area
of knots on one face.

Measuring Total hydrocarbon

Figure 1 shows the THC sampling train. The fuel gas is hydrogen. The span gas
is EPA Protocol 1 propane in air, the mid-gas is a certified propane. The zero gas is
Grade 5 air.

The THC sample was drawn from the kiln directly into a dilution/filter box mounted
on the side of the kiln. It is assumed that the gas in the kiln is well-mixed and that the
composition in the kiln near the exhaust is the same at the composition of the exhaust.
The sample line is heated to 126°C. Leak checks are done on the system before an after
each kiln charge. The kiln gas is diluted prior to reaching the analyzer. The dilution ratio
obtained byflow measurement is checked by diluting span gas and observing the reading.
For total flow and sample flow checks, an NIST-traceable Gilibrator flow meter is used.

Calibration of the analyzer is done at the beginning of each run by setting the
valves so the calibration gas instead of air from the kiln is drawn into the analyzer. This
is essentially the same as measuring flow rate at the probe tip. A vent valve was open
during these checks to release excess calibration gas so the system operated at ambient
pressure. The zero and span were are set prior to each sampling run and a mid gas was
is to check linearity. The calibration is checked at the end of each run with no
adjustments made to the zero or span during the run.

Methanol/formaldehyde collection

The sampling train for the NCASI chilled impinger method is shown in Figure 2.
Prior to each sampling interval, the impingers are rinsed and 10 mL and 15 to 20 mL of
distilled water are added to the first and second impingers, respectively. A vacuum check
is performed with valves at each end closed. The flow rate through the system is
measured by taking five flow readings by attaching the probe tip to the Gilibrator flow
meter. The probe tip is then inserted into the kiln to start the sampling interval. The
collection interval time varies from 3 to 4.5 hours, depending on the expected
concentration. A critical orifice can be changed, depending on the desired flow rate,
approximately 300 to 1000 mL/min. Longer intervals and higher flow rates are used
during parts of the kiln schedule when venting is high and concentration in the gas is low.
At the end of each interval, the flow rate is again measured. The fluid in the impingers is
weighed, placed in a sealed vial, and stored in a dark refrigerator. The local airport
altimeter setting and the lab temperature are recorded at the beginning and end of each
interval.
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FIGURE 2. Sampling system for methanol and formaldehyde. Drawing by NCASI.

Lab analysis for methanol

Methanol solutions in the 1 ppm to 400 ppm are used as standards. Autosampler
vials for GC analysis are prepared by adding 10 pL of 30,000 ppm cyclohexanol, then
filling to 2 mL with the impinger sample or standard. These are crimp sealed and
refrigerated until tested. Three autosampler vials, A, B, and C, are prepared for each
sample. Vials A and B are tested twice each on the GC. If there is a difference between
A and B, sample C is also tested.

The GC is an HP5890 with a 30-meter DB-624 fused capillary column and an FID
as the detection device. The column has a internal diameter of 0.53 mm and a stationary
phase thickness of 3 pm. The oven schedule is either: 1 minute equilibration at 10°C prior
to sample injection, 1 minute at 10°C, 10°C/min ramp to 40°C, 0 minutes at 40°C,
40°C/min to 190°C, 2 minutes at 190°C, 40°C/minute to 200°C, and 4 minutes at 200°C
or 1 minute equilibration at 30°C prior to sample injection, 2 minutes at 30°C, 50°C/min
ramp to 105°C, 7 minutes at 105°C, 50°C/min to 200°C, and 5 minutes at 200°C. The
difference between these schedules produced less than a 2% difference in the results on
approximately 30 samples that were tested each way. An exception to this occurs for
Douglas-fir samples from early in a drying schedule when an acetaldehyde peak is
present at a slightly shorter retention time than methanol and the subambient GC
schedule is necessary for peak separation. The column flow is 6 mUmin of He (4 psi
head pressure), 7 mUmin through the septum purge, and 40 mUmin through the split vent
purge (activated 0.3 minutes after sample injection). The N2 is set to 35 mL/min and the
H2 is set to 41 Umin. The air is set to 350 mUmin. All gases are grade 5. The injector
temperature is 105°C and the detector temperature 350°C. An autosampler is used to
inject the samples.
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Lab analysis for formaldehyde

Formaldehyde solutions in the 0.25 ppm to 10 ppm range are prepared for use
as standards. An acetylacetone reagent is prepared by dissolving 15.4 g of ammonium
acetate in 50 mL of water. To this, 0.2 mL of acetylacetone and 0.3 mL of glacial acetic
acid are added. This is then diluted to 100 mL and stored in the dark in a refrigerator.

A 2.0 mL aliquot of the impinger catch or standard is placed in a test tube and 2
mL of the acetylacetone reagent is added. If necessary, the sample was diluted prior to
starting the procedure to obtain a concentration less than 7.5 ppm Once mixed, the test
tube is placed in a 60°C water bath for 10 minutes. After cooling to room temperature,
the solution is transferred to a cuvette and absorbance measured at 412 nm. For each
sample from the kiln, two replications of this procedure described in the previous
paragraph were done.

These procedures were followed for three species of wood, Douglas-fir,
ponderosa pine, and southern pine. Measurements at the mill dry kilns were similar to the
lab kiln. The measurements were made in an exhaust duct prior to a heat exchanger.

Results

A complete description of the results can be found in references 1 to 3. For
Douglas-fir, the lab kin compared very favorably to the commercial kiln (Figure 3, Table
1). For the ponderosa pine kiln, the agreement was less favorable (Table 1). The value
obtained at the mill, however, is very high and we suspect an error in measurement. For
Southern pine, the agreement was, again, reasonably good (Table 3). A key point to
remember is that the mill measurement not necessarily more correct than the lab
measurement. The lab measurements tend to be more reproducible and certainly the
variables can be more closely controlled and measured.

TABLE 1. Comparison of mill and lab measurements from steam-heated kilns.

Species Charge
Mill Lab

VOC Me0H CHOH VOC Me0H CHOH

Douglas-fir (1) 1 1.81 1.50

Douglas-fir (1) 2 1.51 1.41

ponderosa pine (2) 1 3.68 2.41

ponderosa pine (2) 2 4.15 2.83

southern pine(4) 2 3.51 0.211 0.141 4.2' 0.231 0.171
'value read off graph in proceedings, may be approximate, values also pending approval
by EPA

Conclusions

The laboratory kiln functions like a scaled down version of the mill dry kiln with
respect to venting characteristics, temperature, and humidity. Wood does tend to dry
faster in the lab kiln, probably because the load is narrow. While perfect agreement is
never seen between the measurements on lab and commercial kilns, the agreement was
good for two out of the three species.
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FIGURE 3. Comparison of VOC emissions between the lab and commercial kilns for
Douglas-fir.
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